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ABSTRACT   
Pulsed Laser Deposition (PLD) is used to produce Er-doped lead-niobium germanate (PbO–Nb2O5–GeO2) and 
fluorotellurite (TeO2–ZnO–ZnF2) thin film glasses. Films having high refractive index, low absorption and large 
transmission are obtained in a narrow processing window that depends on the actual PLD configuration (O2 pressure ∼a 
few Pa, Laser energy density ∼2-3 J cm-2 for the results presented in this work). However, Er-doped thin film glasses 
synthetized at room temperature using these experimental parameters show poor photoluminescence (PL) performance 
due to non-radiative decay channels, such as a large OH- concentration. Thermal annealing allows improving PL 
intensity and lifetime (τPL), the latter becoming close to that of the parent Er-doped bulk glass. In addition, the use of 
alternate PLD from host glass and rare-earth targets allows the synthesis of nanostructured thin film glasses with a 
controlled rare-earth concentration and in-depth distribution, as it is illustrated for Er-doped PbO–Nb2O5–GeO2 film 
glasses. In this case, PL intensity at 1.53 μm increases with the spacing between Er-doped layers to reach a maximum for 
a separation between Er-doped layers ≥ 5 nm, while τPL is close to the bulk value independently of the spacing. Finally, 
the comparison of these results with those obtained for films grown by standard PLD from Er-doped glass targets 
suggests that nanostructuration allows reducing rare-earth clustering and concentration quenching effects. 
Keywords: Photoluminescence, Rare-earth doped glasses, Erbium, Germanate glasses, Tellurite glasses, Thin films, 
Pulsed laser deposition, Nanostructured materials. 
 
1. INTRODUCTION  
The fabrication and integration of multiple optical components, including gain devices, such as lasers and amplifiers, is a 
necessary step to complete the migration from electronic to optical communication systems.1-3 These optical circuits 
must be cost-effective, compact, efficient and moreover, they must be compatible with present fiber technology that is 
mostly based on the 4I13/2 → 4I15/2 Er3+ emission at 1.53 μm.4,5 This has led to an extraordinary research effort to develop 
Er-doped waveguide devices; but the challenges are still large and up to date, there is neither an optimum host for Er3+ 
ions, nor a standard fabrication method.1,6 
The common approaches are the fabrication of rare earth (RE) doped thin films by physical or chemical methods or to 
define waveguides on adequate substrates using patterning techniques.1,6 However, despite the simplicity of this 
approach there are still many issues to be solved: i) RE concentration must be of the order of 1020 ions cm-3 to achieve 
the necessary gain due to the reduced size of integrated devices when compared to fibers (μm vs. m);1,7 ii) waveguide 
material properties must be controlled at μm and even smaller scale8, and iii) the choice of the host material becomes 
essential to guarantee good device performances.1,5 In particular, heavy metal oxide glasses, such as lead-niobium 
germanate and fluorotellurite glasses that are considered in this work, are promising candidates for this purpose. They 
combine good mechanical and chemical properties, with excellent optical properties such as broad transparency range 
(up to ≈ 4.5-5 μm), large refractive index and a reduced maximum phonon energy (~800 cm-1) compared to other oxide 
glasses.5,9,10 These characteristics contribute to increase the radiative transition rates when doped with RE ions, while 
maintaining high RE ion solubility. 
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Different chemical and physical deposition methods such as sol-gel, flame hydrolysis, chemical vapor deposition, ion 
implantation, sputtering or pulsed laser deposition (PLD) have been attempted to produce RE-doped thin film 
glasses.1,6,11 Among them PLD possesses characteristics that make it very adequate for the synthesis of RE-doped thin 
film glasses.12,13 It is compatible with an O2 background, which allows compensating any oxygen deficiency film glasses 
could present; the presence in the laser generated plasma of a significant fraction of species with high kinetic energy 
contributes to the synthesis of films having high optical density, while its pulsed character allows a sequential growth of 
different materials. This unique characteristic makes possible the synthesis of nanostructured film glasses with a 
controlled RE concentration and an in-depth distribution that can be predesigned at the nanometer scale to optimize the 
photoluminescence (PL) response.8,14-16 
In this contribution we review the requirements to produce RE-doped heavy metal oxide thin film glasses with good 
optical quality and photoluminescence response by PLD. The effect of processing parameters and thermal annealing is 
reported and to conclude, we analyze the possibility of improving PL performance by comparing the PL response of Er-
doped lead-niobium germanate films having a homogeneous Er distribution with that of nanostructured films with a 
tailored Er concentration and layered distribution. 
 
2. EXPERIMENTAL 
Er-doped thin film glasses were produced by PLD using an ArF excimer laser (λ= 193 nm, τ= 20 ns full-width half-
maximum, repetition rate= 10 Hz) in an UHV chamber. To that purpose different types of targets were used: i) a 
commercial pure metallic Er, and ii) either pure or Er-doped lead-niobium germanate (PbO–Nb2O5–GeO2, PNG) and 
fluorotellurite (TeO2–ZnO–ZnF2) bulk glasses with different compositions and Er concentrations that were prepared by 
conventional melt-quenching from high purity (> 99.99 %) oxides and fluorides as described elsewhere.17,18 The laser 
was focused in all cases at an angle of incidence of 45º on the surface of rotating targets. The target-substrate distance 
was 40 mm and, unless otherwise specified, the laser energy density at the target surface was 2.0 ± 0.5 J/cm2. The UHV 
vacuum chamber was evacuated to a residual pressure of 10-5 Pa before the deposition process took place. Thin film 
glasses were deposited in a dynamical O2 pressure of 5-10 Pa to produce transparent films on silicon and fused silica 
substrates held at room temperature. 
Both conventional and alternate PLD (a-PLD) were employed to produce thin film glasses. Conventional PLD of a single 
target allowed the deposition of either pure PNG and tellurite (TeO2–TiO–Nb2O5) film glasses or homogeneously Er-
doped PNG and fluorotellurite ones; whereas a-PLD of pure PNG and Er metallic targets was used to produce 
nanostructured doped films. Alternate PLD allows the growth of nanostructured multilayered films in which RE-doped 
host layers are alternated with pure host layers.8 The deposition rate per laser pulse is less than a monolayer, thus 
enabling a layer-by-layer engineering of the structure of the deposited material. In practice, the in-depth separation 
between Er-doped layers depends on the number of laser pulses on the host target while that on the Er target allows 
modifying the Er concentration in the doped host layers. Typically, the dopant concentration per layer is ∼1013 at. cm-2, 
whereas the spacing between doped layers can be controlled with nanometer resolution.8,19 
Ion beam analysis techniques were considered to determine film composition, Er concentration and film thickness, 
whereas bulk and film glass structure was analyzed by Raman spectroscopy. Transmission spectra and refractive index 
of representative bulk and thin film samples were determined by spectrophotometry and spectroscopic ellipsometry, 
respectively. The structural and optical characterization techniques are described in detail elsewhere.19,20,21 Finally, 
steady-state PL measurements of Er-doped PNG and fluorotellurite glasses were performed at room temperature using a 
980 nm excitation source (Ti-Sapphire laser or diode laser). The fluorescence emission (IPL) at 1.5 μm was collected 
along the direction perpendicular to the film using a 0.25 m monochromator, coupled to an extended IR Hamamatsu 
R5509-72 photomultiplier and finally amplified by a standard lock-in technique. Room temperature PL lifetime (τPL) of 
the 4I13/2 level at the peak of the emission spectra was determined by monitoring the decay of the luminescence emission 
once the steady-state emission was reached and the excitation source was switched off. PL decay curves were processed 
by a Tektronix digital oscilloscope. Specific details of the PL experimental set-up can be found elsewhere.19,21 
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3. RESULTS AND DISCUSSION 
3.1 Structure and optical properties of pulsed laser deposited thin film glasses 
The use of RE-doped glasses for the fabrication of integrated laser and amplifiers requires first the synthesis of high 
quality thin film glasses with good optical properties. PLD has proven to be an excellent method for that purpose; 
however, the composition, structure and therefore optical properties of the deposited materials are extremely dependent 
on the experimental parameters (O2 pressure, and laser energy density). In particular, oxygen is a critical component of 
multicomponent glasses as it plays a major role in their structure through the formation of bridging and non-bridging 
oxygen bonds. In the case of oxide films produced by PLD, oxygen content is related in most cases to the presence of an 
O2 background in the deposition chamber. Figure 1a shows the evolution of the relative oxygen to cation content ratio 
(NO/NCAT) in PNG films produced by PLD from a 25 PbO– 15 Nb2O5– 60 GeO2 (mol %) at increasing O2 background 
pressures.22 Films grown at pressures lower than 1 Pa are clearly oxygen deficient, whereas the oxygen content in the 
films increases for O2 pressures above 1 Pa to become close to that of the target for gas pressures higher than 5 Pa. 
Oxygen deficiency affects the glass structure and it may even prevent the formation of film glasses. This has a strong 
effect on the optical properties of the deposited film glasses as it is shown in Fig. 1b. Films grown at low O2 pressures 
are highly absorbent (k > 10−1) and therefore they cannot be used for optical applications. Only those films grown at 10 
Pa present a value of k (< 10−3) that is low enough for that purpose. The evolution of the real part of the refractive index 
(n) also decreases when increasing the O2 pressure. Films grown at 5 Pa present a value of n that is similar to that of the 
bulk glass (1.98) while n is below that value for films grown at higher pressures. 
 
 
Figure 1. (a) Relative oxygen (NO/NCAT, NCAT = Total amount of cations), and (b) (?) real, n, and (?) imaginary, k, parts of 
the refractive index at 630 nm measured for PNG films produced from a 25 PbO–15 Nb2O5–60 GeO2 (mol %) bulk glass as 
a function of the O2 pressure. The dashed lines corresponds to (a) NO/NCAT and (b) n measured for the bulk glass. 
 
The critical influence of the O2 background pressure on film glass characteristics is related to its effect on the expansion 
process of the laser generated plasma.23 At low O2 pressures preferential scattering of light species, such as O, by the gas 
molecules during the plasma expansion process leads to oxygen deficient films. However, at pressures above a certain 
threshold, which depends on the material to be deposited and the experimental PLD configuration (5–8 Pa for the results 
presented in Fig. 1), the oxygen content in the films increases as the O2 background pressure increases. To understand 
this behavior we must bear in mind how the plasma expands in the presence of a background gas. Initially, the local 
pressure of the ablated plasma is much higher than that of the background gas. As the plasma expands its local pressure 
decreases and the plasma slows down due to the interaction with the background gas until the plasma species lose their 
kinetic energy, which leads to their spatial confinement.12,13,23 Eventually, a fraction of the ejected species diffuses out of 
this region and it may reach the substrate. The relative position of the substrate with respect to this pressure related 
distance threshold (Lp) determines the composition and structure of films deposited by PLD.12,13,23,24 As the O2 pressure 
increases, Lp decreases due to a more intense slowing down effect, and the formation of a shock layer in the contact front 
is likely to occur.12,13,23,25 Within this region the O2 density and temperature are much higher than that of the background 
gas, thus favoring the oxidation of the cations present in the plasma and the increase of the oxygen content in the films. 
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In addition, above a certain O2 pressure ( ∼5 Pa in Figs. 1 & 2), Lp likely becomes shorter than the substrate-target 
distance. As it is illustrated in Figure 2, which compares the reduced Raman spectra in the 550 to 900 cm−1 range for a 
parent tellurite (90 TeO2– 5 TiO2– 5 Nb2O5, mol %) bulk glass and film glasses grown at 3 and 11 Pa, this has a strong 
effect on the glass structure in the narrow range of pressures (1-10 Pa) for which films are transparent. The Raman 
spectrum of the bulk glass presents two intense bands at 600–700 cm− 1 and 700–800 cm− 1 that can be deconvoluted in 
four Gaussian peaks at 610, 660, 720, 780 cm−1:10 The band at 600–700 cm−1 relates to a continuous network of [TeO4] 
trigonal bipyramids (tbp), with the peak at 610 cm−1 corresponding to the antisymmetric stretching of the continuous 
network of [TeO4] tbp, whereas that at 660 cm−1 relates to the antisymmetric vibration of unequivalent Te–O–Te 
linkages. On the other hand, the band at 700–800 cm−1 relates to the vibration of non-bridging oxygens (NBO) associated 
to [TeO3+δ] polyhedra and [TeO3] trigonal pyramids (tp). Figure 2 shows that peaks related to NBO are more intense than 
the peak at 660 cm−1 for films deposited at 3 Pa, while the opposite behavior is observed for films grown at 11 Pa. This 
behavior is related to the different regimes in which film deposition takes place. Substrate-target distance is likely longer 
than Lp at 3 Pa, while the opposite occurs at 11 Pa. Then, plasma species reach the substrate with a certain kinetic energy 
in the first case, while they do it completely thermalized at 11 Pa, which leads to a growth process and to a glass 
structure similar to that of the bulk glass. 
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Figure 2. Raman spectra in the 550–900 cm−1 range measured for tellurite film glasses grown at 3 and 11 Pa from a 90 
TeO2–5 TiO2–5 Nb2O5 (mol %) bulk glass. The spectrum of the bulk glass and (- - -) its deconvolution in Gaussian peaks are 
shown for comparison. Spectra have been shifted vertically to ease comparison. 
 
Laser energy density plays a secondary role on the expansion of the laser generated plasma. For the laser energy density 
values typically used in PLD, the larger the laser energy density, the larger the number of species ejected from the target 
surface per pulse and their kinetic energy. Thus, its effect is similar to that of decreasing the background pressure, while 
maintaining the substrate-target distance.24 Yet, laser energy density has a decisive role on the surface roughness of the 
deposited films glasses as it is shown in Figure 3, where the surface morphology of PNG film glasses deposited by PLD 
at % Pa of O2 and at increasing laser energy densities is shown. The use of values close to the ablation threshold lead to 
very long deposition times that cause the degradation of the target and the generation of particulates, with typical sizes  
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D < 0.5 μm, during the ablation process (Fig. 3a). Instead, too high laser energy densities lead to the presence of large 
droplets (typical size 1< D< 10 μm) on the film surface due to the ejection of molten material from the target surface 
(Fig. 3c). Therefore, the use of intermediate laser energy densities is preferable in order to obtain smooth films having 
good optical properties (Fig. 3b). 
Thus, there are narrow O2 pressure and laser energy density related processing windows that must be carefully 
determined in each case to ensure the deposition of multicomponent thin film glasses with an optical quality good 
enough to consider them as base materials to be doped with rare earth ions for optically active applications. 
 
 
 
Figure 3. SEM images from PNG glass thin films grown from a 25 PbO– 25 Nb2O5– 50 GeO2 (mol %) bulk glass at (a) 0.5 J 
cm-2, (b) 2.0 J cm-2 and (c) 3.0 J cm-2. Note the different scale in (c). 
 
3.2 Rare-earth doped thin film glasses 
The common approach to produce RE-doped thin film glasses by PLD is based on the use of a single RE-doped target 
having the desired RE concentration. Within this approach film glasses having different concentrations can be obtained, 
as demonstrated by the relatively large number of works reporting the synthesis of good quality Er-doped PNG, 
oxyfluoride silicate or phospho-tellurite film glasses.26-31 Films deposited under the optimum experimental conditions 
present good optical properties as it is shown in Fig. 4a, which presents the transmittance of a film glass deposited on 
fused silica at room temperature from a RE-doped bulk fluorotellurite glass having a composition close to 73.6 TeO2– 
17.6 ZnO– 8.8 ZnF2:0.7 ErF3 (mol %). The as-deposited film presents a sharp edge, with a cutoff wavelength of λF≈ 330 
nm (T= 0.5 TMAX) and a large transmittance (T> 85 % for λ> 360 nm). The observation of interference fringes reflects 
the good optical quality of the as-deposited films. However, these film glasses present in most cases a poor PL 
performance; thus a post-deposition thermal treatment is required.21 This is clearly seen in Fig. 4b, which shows the 
evolution of PL intensity at 1.53 μm for an Er-doped fluorotellurite film that underwent successive annealing steps at 
increasing temperatures (Tann). IPL increases significantly for 300 < Tann ≤ 315 ºC, reaching a 20 fold maximum increase. 
The evolution of τPL after each annealing step is also included in Fig 4b. It increases up to 3.3 ms for Tann= 315 ºC (Fig. 
4b); however, this value is still shorter than the value measured for the bulk glass (τPL= 3.8 ms). 
The presence of a high concentration of hydroxyl (OH-) groups is not uncommon in Er-doped thin films.31 It quenches 
PL emission from the Er3+ 4I13/2 → 4I15/2 transition, since this is resonant with the OH- stretching vibration. Figure 5 
compares the Fourier-transform mid-infrared absorption spectra corresponding to as-deposited and step-annealed (Tann= 
315 ºC) fluorotellurite films. Both spectra exhibit a broad band in the range from 2500 cm-1 to 3500 cm-1, which 
corresponds to stretching vibrations of OH- groups. As-deposited films present a very strong absorbance (αM≈ 1000  
cm-1), which is much larger than the value measured for the bulk glass (αM≈ 0.5 cm-1), not shown in the figure. This 
implies that the concentration of OH- groups (NOH~ 1022 cm-3) is about 2 orders of magnitude larger than that of Er3+ 
ions21 and thus, Er3+ ions are most likely surrounded by OH- groups, which completely quenches PL emission in the as-
deposited films as it is shown in Fig. 4b. 
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Figure 4. (a) Transmittance spectrum of an Er-doped fluorotellurite film glass deposited on fused silica at room temperature. 
The transmittance of (- - -) the bulk glass is included for comparison. (b) Evolution of PL emission intensity (IPL) and 
lifetime (τPL) with Tann.. 
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Figure 5. Mid-infrared absorption spectra of (⎯⎯) as-deposited and (- - -) step-annealed (Tann= 315 ºC) Er-doped 
fluorotellurite film glasses. 
 
The absorbance decreases from αM≈ 1000 cm-1 to αM≈ 160 cm-1 and the spectral position of the absorption peak shifts to 
lower wavenumbers upon annealing, which relates to the significant removal of free (≈ 3400 cm-1) and weakly bounded 
(≈ 2900 cm-1) OH- groups.21,31 This is enough to reduce the NOH/NEr ratio down to ≈30, which increases the probability of 
Er3+ radiative deexcitation as shown in Fig. 4b. However, the results presented here demonstrate that a further refinement 
on the deposition of film glasses is still required. The use of substrates heated at temperatures above 100ºC, the 
deposition of a capping layer after film glass growth or a more elaborated thermal treatment are possible approaches to 
decrease OH- concentration.21,31 
3.3 Rare-earth doped nanostructured thin film glasses 
The development of integrated amplifiers requires RE concentrations ≥1020 ions cm-3. Thus, cooperative effects between 
RE ions may limit the device gain and a careful structuration of the dopant distribution becomes essential. As described 
in the experimental section, alternate PLD offers such a possibility. The use of a RE target and a bulk glass target of the 
desired composition allows the synthesis of multilayered structures in which RE-doped glass layers are separated by 
layers of pure glass. Within this scheme it is possible to space the doped layers with nanometer resolution, while the RE 
concentration in the doped layers can be controlled either by increasing the number of laser pulses on the RE target or by 
260 280 300 320
0
25
50
2
3
4
(b)
 
 
I P
L (
ar
b.
 u
ni
ts
)
Tann  (ºC)
 
 
 τ P
L  
(m
s)
 
400 800 1200 1600 2000
0
50
100
(a)
 
 
Tr
an
sm
itt
an
ce
  (
%
) 
Wavelength (nm)
Proc. of SPIE Vol. 9744  974402-6
Downloaded From: http://proceedings.spiedigitallibrary.org/ on 05/24/2017 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx
A
rate
 
 
increasing the laser energy used to ablate it. Moreover, the use of two or even three RE targets offers amazing 
possibilities to structure thin film glasses.8 Codoping with Yb3+ increases Er3+ PL intensity,14 while codoping with Tm3+ 
broadens the PL wavelength range around 1.5 µm.15 Finally, simultaneous codoping with Tm3+ and Yb3+ allows 
improving the overall PL performance of the nanostructures.16  
In this section, we illustrate this approach with the results obtained for Er-doped PNG nanostructured film glasses in 
which the Er concentration and the spacing between doped layers were varied.19 Nanostructured thin film glasses were 
produced from an undoped 25 Nb2O5– 25 PbO– 50 GeO2 (mol %) bulk glass and a metallic Er target and deposited on Si 
substrates. As-deposited films were annealed in air up to a temperature of 650 ºC to maximize PL of Er ions. Figure 6a 
shows a scheme of the configuration of nanostructured film glasses. They consisted of 50 bilayers of undoped and Er-
doped PNG layers plus a final undoped PNG protective layer. Two series of films were produced. In the first case, the 
spacing between Er layers was changed in the range DL= 1–20 nm, whereas the number of pulses on Er target per layer, 
was fixed to 1 to lead to an Er concentration per layer, [Er]L close to 5.8 ± 0.4 × 1013 cm-2. In the second case, the 
number of pulses on Er target per layer was varied in the range 1-4 ([Er]L≈ 5.0 – 23.0 × 1013 cm-2), whereas the spacing 
between consecutive Er layers was fixed to DL= 10 ± 2 nm. The thickness of the films was kept constant (≈450 ± 30 nm) 
by varying the thickness of the covering layer, except in the case of the film having the largest in-depth separation 
between consecutive Er layers for which the thickness was ≈910 ± 20 nm. 
 
 
Figure 6. (a) Scheme of the in-depth distribution of the Er-doped layers (dots) in nanostructured Er-doped PNG film glasses. 
DL indicates the spacing between consecutive doped layers. (b) Evolution of (?) PL emission intensity (IPL) and (?) 
lifetime (τPL) with DL for nanostructured Er-doped PNG film glasses. Dashed lines in (b)  are guides for the eyes. 
 
Figure 6b shows the evolution of IPL and τPL with the spacing between consecutive Er-doped PNG layers. IPL is low for 
the sample having the closest doped layers, DL= 1 nm, which is similar to the Er-Er in plane separation; however, IPL 
increases by a factor of 10 for DL≈ 5 nm, to remain approximately constant for larger DL values. Instead τPL is 
approximately constant to τPL≈ 3.25 ± 0.15 ms for all the considered DL range. Therefore, a-PLD allows modifying the 
PL response of Er-doped films by tailoring the distribution of the Er ions within the film glass while maintaining the Er 
concentration. 
In order to determine if nanostructuration by a-PLD is a promising approach to improve the PL performance of RE-
doped glasses we have compared the results obtained for the two sets of nanostructured samples with that of Er-doped 
PNG film glasses grown by conventional PLD from 25 Nb2O5– 25 PbO– 50 GeO2 (mol %) bulk glasses doped with 0.5, 
and 2 wt.% of Er2O3. These film glasses were ≈450 ± 10 nm thick, and an isotropic distribution of Er3+ ions can be 
expected in these samples, which leads to a much larger Er concentration ([Er]= 8.0 – 23.4 × 1015 cm-2) than in the case 
of nanostructured samples. Thus, to ease the comparison we consider the average spacing between Er3+ ions as the 
common parameter for comparison: SV= ([Er]V)-1/3 in the case of Er-doped PNG film glasses grown by conventional 
PLD as Er3+ ions are homogeneously distributed within the film volume; while SL= ([Er]L)-1/2 for nanostructured Er-
doped PNG film glasses, since Er3+ ions are homogeneously distributed in each doped layer.  
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The evolution of IPL divided by the total Er concentration (IPL/[Er]), which gives us an idea of the efficiency of the PL, 
and that of τPL with the average spacing between Er3+ ions are presented in Figures 7a and 7b, respectively, both for 
nanostructured and conventional Er-doped film glasses. We observe in Fig. 7a that IPL/[Er] is as small as 10-2 for samples 
having very close consecutive Er-doped layers (DL≈ 3 nm), while IPL/[Er] increases by one order of magnitude for 
nanostructured films with an spacing between Er3+ ions DL≥ 5 nm and a constant Er3+ concentration per layer. Doped 
film glasses grown by conventional PLD present similar IPL/[Er] ratios (≈10-1), although for larger spacing between Er3+ 
ions. Instead, τPL (Fig. 7b) increases when increasing spacing between Er3+ ions in both cases and for film glasses having 
a similar spacing between Er3+ ions τPL is longer for nanostructured than for conventional Er-doped film glasses. This 
result can be related to smaller concentration quenching effects due to energy transfer between nearby ions in the case of 
nanostructured films, since the number of neighboring Er3+ ions is smaller in this case due to its layered (bidimensional) 
distributions of Er3+ ions. 
 
 
Figure 7. (a) Evolution of IPL and (b) τPL as a function of the average separation between Er ions for (SV, ?) conventional 
and (SL, ?) nanostructured Er-doped PNG film glasses. (?) IPL data corresponding to nanostructured films with increasing 
spacing between consecutive doped layers in the range 1 to 5 nm are included in (a). Dashed lines are guides for the eyes. 
 
4. SUMMARY 
PLD has a high potential for the synthesis of good quality RE-doped thin film glass nanostructures. This requires first a 
fine tuning of the experimental deposition parameters, mainly O2 background pressure and laser energy density. This is 
shown in the case of PbO–Nb2O5–GeO2 thin film glasses. The use of an O2 pressure in the 5-10 Pa range and a laser 
energy density E≈ 2 J cm-2 leads to transparent films with n close to 2 at 630 nm and good surface morphology. 
However, Er-doped thin film glasses deposited at room temperature present a poor PL response, which is associated to 
non-radiative decay channels. In the case of TeO2–ZnO–ZnF2: ErF3 fluorotellurite glasses, OH- concentrations as high as 
NOH~ 1022 cm-3 have been measured. A simple thermal annealing allows reducing this content by one order of magnitude 
and leads to significant PL enhancement. Thus, substrate temperature during deposition and thermal processing after film 
growth are critical issues that must be carefully considered for the fabrication of active waveguides based in RE-doped 
glasses. 
The capability of a-PLD to produce nanostructured thin film glasses with a controlled RE-concentration and in-depth 
distribution is illustrated in the case of Er-doped PbO–Nb2O5–GeO2 glasses. It is possible to control the Er distribution at 
the nanometer scale, while its concentration per layer can be tuned in the range [Er]L≈ 1012-1014 cm-2 by adjusting the 
laser energy density and the number of laser pulses on the Er target. Their PL performance has been compared to that of 
films grown by conventional PLD from Er-doped PbO–Nb2O5–GeO2 bulk glasses. The best results are obtained for 
nanostructured films having a separation between consecutive Er-doped layers ≥5 nm and a spacing between neighbor 
Er3+ ions of ≈1.3 nm. This result is related to the lower probability of nonradiative decay processes due to concentration 
quenching in a bidimensional doped media (i.e. doped planes in nanostructured films) than in a tridimensional one as 
homogeneously doped films are. These results suggest that alternate PLD is an attractive route to nanostructure the RE 
distribution in thin film materials for optically active waveguides. 
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